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(57) ABSTRACT

A detfect mspecting method includes: forming, in a first air
pressure state, a {ilm, which covers one opening of two open-
ings provided on an upper surface of a substrate, on a tubular
contact hole formed on the substrate in manufacturing a semi-
conductor device and formed 1n a tubular shape by connecting
two cylindrical contact holes on bottom surface sides thereof,
both ends of the tubular shape being opened 1n the openings;
exposing the substrate covered with the film 1n a second air
pressure state; and observing whether the film 1s deformed to

thereby inspect whether the part of the tubular shape 1s
blocked.

18 Claims, 16 Drawing Sheets
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DEFECT INSPECTING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No. 2009-
144189, filed on Jun. 17, 2009; the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a defect inspecting method
for a semiconductor device.

2. Description of the Related Art

A semiconductor device 1s manufactured by, for example,
laminating films, forming contact holes, and embedding a
wiring material in contact holes. When the contact holes are
formed, the wiring material cannot be embedded 1n the entire
contact holes unless the contact holes are conductive. There-
fore, a conduction inspection for the contact holes 1s per-
formed when the semiconductor device 1s manufactured.

As a method of checking conduction after the contact holes
are formed, for example, there are a voltage contrast (VC)
ispection performed by using a secondary electron image
and an imspection performed by using a substrate current
measuring device. In both the conduction checking methods,
conductive films at hole bottoms need to be earthed (needs to
be conductive to a silicon waler substrate). However, 1n an
actual semiconductor product, the conductive films at the
hole bottoms are not always earthed. This 1s because, 1n some
case, msulating films are formed 1n layers below the conduc-
tive films at the hole bottoms.

As one of semiconductor devices 1n which contact holes
having a large aspect ratio (a ratio of depth to a hole diameter)
have to be formed, there 1s a semiconductor memory device in
which memory cell arrays 1n a plurality of layers are lami-
nated (see, for example, Japanese Patent Application Laid-
Open No. 2006-155750).

However, 1 this semiconductor memory device, even
when the conductive films at the hole bottoms are conductive
to the silicon wafer substrate, most of secondary electrons
collide against the sidewalls of the holes because the aspect
rat1o 1s large (the depth of the contact holes 1s large). There-
fore, a conduction state of the contact holes cannot be
ispected. In the case of an optical defect inspection, when the
aspect ratio 1s large, a conduction state of the contact holes
cannot be inspected because light does not reach the hole
bottoms.

For example, 1n the case of a defect mspection and an
optical defect inspection performed by using secondary elec-
trons, contact holes having an aspect ratio equal to or larger
than about 5 (depth equal to or larger than about 200 nanom-
cters) cannot be inspected.

BRIEF SUMMARY OF THE INVENTION

A defectinspecting method according to an embodiment of
the present invention comprises: forming, in a first air pres-
sure state, a film, which covers one opening of two openings
provided on an upper surface of a substrate, on a tubular
contact hole formed on the substrate 1in manufacturing a semi-
conductor device and formed 1n a tubular shape by connecting
two cylindrical contact holes on bottom surface sides thereotf,
both ends of the tubular shape being opened 1n the openings;
deforming the film on the tubular contact hole, a part of the
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2

tubular shape of which 1s blocked 1n the tubular contact hole,
by exposing the substrate covered with the film 1n a second air
pressure state different from the first air pressure state; and
observing whether the film 1s deformed to thereby inspect

whether the part of the tubular shape of the tubular contact
hole 1s blocked.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram for explaining a concept of a defect
inspecting method according to an embodiment of the present
invention;

FIGS. 2A and 2B are diagrams for explaining deformation
of a plastic film due to a pressure difference;

FIGS. 3A to 31 are schematic sectional views of an example
of a procedure of a method of manufacturing a U-tube;

FIG. 4 1s a diagram of an example of a patterming shape of
the plastic film;

FIG. 5 1s a diagram of the schematic configuration of a
nonvolatile semiconductor memory device;

FIG. 6 1s a schematic perspective view of a part of a
memory transistor region of the nonvolatile semiconductor
memory device;

FIG. 7 1s a partial enlarged sectional view of FIG. 6; and

FIGS. 8A and 8B to FIGS. 15A and 15B are schematic
sectional views of an example of a procedure for manufac-

turing a nonvolatile semiconductor memory device having
U-tubes.

DETAILED DESCRIPTION OF THE INVENTION

Exemplary embodiments of the present invention are
explained 1n detail below with reference to the accompanying
drawings. The present invention 1s not limited by the embodi-
ments.

FIG. 1 1s a diagram for explaining a concept of a defect
inspecting method according to an embodiment of the present
invention. As an example of a semiconductor device in which
a conduction mspection (a defect inspection) of contact holes
1s difficult, there 1s Bit-Cost Scalable (BiCS) that stores, 1n a
nonvolatile manner, resistance information (e.g., a high resis-
tance state and a low resistance state) of an electrically-
rewritable resistance changing element. In such BiCS, a con-
tact hole having U-shaped sectional shape 1s formed. The
U-shaped contact hole 1s formed by, after forming, for
example, two contact holes from a top surface side to a bottom
surface side, drilling a hole to connect hole bottoms of the two
contact holes.

In this embodiment, a conduction mspection for such a
U-shaped contact hole 1s performed. In FIG. 1, a sectional
view of a substrate carried into a vacuum chamber 3 1s shown.
A wiring layer 2 1s formed on a silicon water 1 that i1s a
substrate for forming a semiconductor device. Tubular con-
tact holes having a U-shape (hereinatfter, “U-tubes 6) are
formed 1n the wiring layer 2. The U-tubes 6 are contact holes
having a U-shape 1n section. Ends of the tubes are opened 1n
a top surface of the wiring layer 2.

Sections where hole bottoms of two contact holes are con-
nected (hereinaiter, “hole bottoms”) are formed by, for
example, wet etching. In some case, the hole bottoms do not
become conductive because of an etchung failure. The
U-tubes 6 are sections 1n which a wiring material 1s embed-
ded. Unless the hole bottoms are not conductive, a wire 1s 1n
a disconnected state 1n the hole bottom sections even 1f the
wiring material 1s embedded. Therefore, 1n this embodiment,
a defect mspection 1s performed to check whether the hole
bottoms of the U-tubes 6 are conductive.
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In FIG. 1, dregs 3 are leit at the hole bottom on the left
U-tube 6 and the hole bottom of the right U-tube 6 1s normal.
In other words, the left U-tube 6 1s not conductive from one
opening to the other opening and the right U-tube 6 1s con-
ductive from one opening to the other opening.

After the U-tubes 6 are formed, one opening of the two
openings of each of the U-tubes 6 1s plugged with a plastic
matenal (a plastic film 4). The plastic film 4 1s a film that,
when once deformed, keeps a deformed state after that and
does not return to an original state thereof. The silicon wafer
1 with one openings of the U-tubes 6 closed by the plastic film
4 1s carried into the vacuum chamber 5. The inside of the

vacuum chamber 5 1s drawn a vacuum by a vacuum pump 7.
In other words, the silicon wafer 1 1s drawn a vacuum 1n a state
in which the other openings are open. Consequently, the
s1licon water 1 1s exposed under a negative pressure environ-
ment (pressure equal to or lower than the atmospheric pres-
sure).

When the dregs 3 1n the wet etching adhere to the hole
bottom, the plastic film 4 1s deformed by a difference between
the pressure on the mside of the U-tube 6 and the pressure on
the outside of the U-tube 6 (a pressure difference between the
top surface side and the bottom surface side of the plastic film
4).

FIGS. 2A and 2B are diagrams for explaining the defor-
mation of the plastic film due to the pressure difference. In
FIG. 2A, a change 1n the plastic film 4 that occurs when the
normal U-tube 6 1s drawn a vacuum 1s shown. In FIG. 2B, a
change 1n the plastic film 4 that occurs when the U-tube 6
having a defect (the dregs 3) 1s drawn a vacuum 1s shown.

As shown on the left side of FIG. 2A and the left side of
FIG. 2B, 1n a state in which the plastic film 4 1s formed, both
the normal U-tube 6 and the U-tube 6 having the dregs 3 have
the atmospheric pressure on the inside and on the outside
thereol. In FIGS. 2A and 2B, regions under the atmospheric
pressure 1s indicated by “+”. Thereaftter, as shown on the right
side of FIG. 2A and the right side of FIG. 2B, the normal
U-tube 6 and the U-tube 6 having the dregs 3 are drawn a
vacuum. In FIGS. 2A and 2B, vacuum regions are indicated
by “=”. As shown in FIG. 2A, when the normal U-tube 6 1s
drawn a vacuum, both the inside and the outside of the U-tube
6 arec 1n a vacuum. Therefore, no pressure difference occurs
between the inside of the U-tube 6 and the outside of the
U-tube 6. As a result, the plastic film 4 keeps an original form
thereol without being deformed.

On the other hand, as shown in FIG. 2B, when the U-tube
6 having the dregs 3 1s drawn a vacuum, a region between the
dregs 3 and the opening of the U-tube 6 (the opening on the
side not covered with the plastic film 4) 1s 1n a vacuum. The
outside of the U-tube 6 1s also 1n a vacuum. However, aregion
between the dregs 3 and the plastic film 4 1n the U-tube 6 1s left
under the atmospheric pressure. Therefore, a pressure difier-
ence occurs between the inside of the U-tube 6 and the outside
of the U-tube 6. As a result, the plastic film 4 1s deformed.
Specifically, the plastic film 4 swells to the outer side of the
U-tube 6, 1.¢., the vacuum side. Because the plastic film 4 has
plasticity, the U-tube 6 having the dregs 3 1s kept deformed
ceven 1 the U-tube 6 1s returned to under the atmospheric
pressure.

The silicon water 1 1n which the plastic film 4 1s formed in
one opemngs of the U-tubes 6 are returned to under the
atmospheric pressure after being drawn a vacuum. As a defect
ispection for the U-tubes 6, the plastic film 4 after being
drawn a vacuum 1s observed by an optical microscope or the
like. The U-tube 6 1n which the plastic film 4 swells to the top
surface side 1s determined as the U-tube 6 having a defect.
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The U-tube 6 1n which the plastic film 4 1s not deformed 1s
determined as the normal U-tube 6.

FIGS. 3A to 31 are schematic sectional views of an example
ol a procedure of a method of manufacturing a U-tube. First,
an msulating film such as a silicon oxide film 8 as a base 1s
formed on a semiconductor substrate such as the silicon wafer

1 (FIG. 3A). Thereaiter, a section to be formed as a hole
bottom (a return bottom) of the silicon oxide film 8 1s etched
by the reactive 1on etching (RIE) or the like (FIG. 3B). An
embedding material 9 1s embedded in the section to be formed
as the hole bottom (FIG. 3C). The embedding material 9 1s a

f1lm for forming a wiring pattern in an upper layer and 1s a film
(e.g., a nitride film) to be dissolved by a chemical later.
Thereatter, a wiring material film (a wiring layer 10) of
silicon, metal, or the like to be formed as a wiring pattern 1s
formed on the upper surfaces of the silicon oxide film 8 and
the embedding material 9 (FI1G. 3D). After the wiring layer 10
1s formed, contact holes for forming the U-tube 6 are formed

in the wiring layer 10 by the RIE or the like. Two contact holes
are formed for one U-tube 6 (FIG. 3E). Wet etching for the

embedding material 9 1s performed 1n the formed contact
holes to remove the embedding material 9 from hole bottoms.
When the embedding material 9 1s removed from the hole
bottoms, 1n some case, the dregs 3 remain at the hole bottoms
because of a wet etching failure (FIG. 3F).

After the embedding material 9 1s removed from the hole
bottoms, for example, polymer resin, a polymer film, or the
like 1s formed on the wiring layer 10 as the plastic film 4 by
about 200 nanometers 1n thickness (FIG. 3G). The plastic film
4 1s formed on the wiring layer 10 not to enter opening holes
of the U-tube 6. The plastic film 4 can be formed on the wiring
layer 10 such that a part of the plastic {ilm 4 enters the open
holes of the U-tube 6. Thereafter, the plastic film 4 1s pat-
terned such that only one opeming of openings of the U-tube
6 (only one side of the return tube) 1s plugged (FIG. 3H). The
silicon water 1 1n which only one opening of the U-tube 6 1s
covered with the plastic film 4 1s carried into the vacuum
chamber 5. The inside of the vacuum chamber 5 (the entire
system) 1s drawn a vacuum by the vacuum pump 7.

A region (a defect space 11) between the dregs 3 and the
plastic film 4 1n the U-tube 6 1s under the atmospheric pres-
sure (1013 hPa). On the other hand, an external pressure (in
the nside of the vacuum chamber 5 excluding the defect
space 11) 1s a negative pressure (e.g., 1 e to 1 Pa). Therefore,
a pressure difference occurs between the defect space 11 and
regions other than the defect space 11 (between the top sur-
face side and the bottom surface side of the plastic film 4). The
plastic {ilm 4 1s deformed as shown 1n FIG. 31. In this embodi-
ment, the deformation of the plastic film 4 1s detected by a
defect mnspection.

The plastic film 4 can be formed on one opening by any
method. For example, the plastic film 4 can be bonded to the
entire surface of the openings of the U-tube 6 as a film or
predetermined liquid (film) such as a resist can be applied to
the entire surface of the silicon wafter 1. In these cases, the
plastic film 4 1s patterned only 1n one opening of the U-tube 6
by exposing only a predetermined section of the bonded film
or the applied resist or the like to light.

The plastic film 4 can be applied through a nozzle by a
dispensing device or the like or can be printed by a screen
printing device or the like. When the plastic film 4 1s applied
by the dispensing device, the plastic film 4 1s applied only on
one opening of the U-tube 6 by the dispensing device. When
the plastic film 4 1s printed by the screen printing device, the
plastic film 4 1s printed only on one opening of the U-tube 6 by
the screen printing device.
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A film that covers the openings of the U-tube 6 1s not
limited to the plastic film 4 and can be other films. The film
that covers the openings of the U-tube 6 (an opening film)
only has to be a material that 1s deformed when there 1s a
predetermined pressure difference between the mside and the
outside of the U-tube 6.

FI1G. 4 1s a diagram of an example of a patterning shape of
the plastic film 4. A top view of the plastic film 4 1s shown in
FIG. 4. In this figure, a left to right direction on the paper
surface 1s set as an X direction and an up to down direction on
the paper surface 1s set as a Y direction.

On the silicon water 1, U-shaped regions 25 in which
U-tubes 6 are formed are arranged in a matrix shape in the X
direction and the Y direction at predetermined intervals. Spe-
cifically, the U-shaped regions 23 are formed such that a line
connecting a left opening 26L and a right opening 26R of the
U-tube 6 (a direction in which the hole bottoms extend) 1s
parallel to the X direction. On the silicon water 1, a plurality
of the U-shaped regions 23 are arranged 1n the Y direction as
a set of region group 27L and region group 27R.

In the region groups 27L and 27R, the opemings 261 and
26R ofthe U-tubes 6 respectively line up imn the Y direction. In
the region groups 271 and 27R adjacent to each other, the
openings 26L of the left U-tubes 6, the openings 26R of the
left U-tubes 6, the openings 261 of the right U-tubes 6, and
the openings 26R of the right U-tubes 6 line up 1n the X
direction 1n this order.

In this embodiment, when the U-shaped regions are
arranged 1n a matrix shape at predetermined intervals 1n the X
direction and the Y direction, the plastic film 4 1s patterned
such that the openings 26R of the left U-tubes 6 and the
openings 261 ol the right U-tubes 6 are covered with a pattern
of one plastic film 4.

In one set of region groups 27L and 27R, the opening 26L
and 26R of the U-tubes 6 respectively line up 1n the Y direc-
tion. Therelfore, the plastic film 4 1s patterned such that all the
openings 26L or all the openings 26R lining up 1n the Y
direction in the set of region groups 27L and 27R can be
covered with the plastic film 4.

Consequently, the plastic film 4 1s patterned such that all
the openings 26R formed 1n the left region group 271 and all
the openings 26 formed 1n the right region group 27R 1n the
region groups 271 and 27R adjacent to each other are covered
by one plastic film 4. Therelore, because an area covered by
the plastic film 4 1s large, patterning of the plastic film 4 1s
casily performed and observation of the plastic film 4 1n the
defect inspection 1s easily performed.

As explained above, 1n this embodiment, 1 the defect
ispection for a tubular contact hole pattern, both ends of
which are opened on a substrate, an opening on one side of the
tubular contact hole pattern 1s plugged by the plastic film 4.
When the entire system of the vacuum chamber 5, 1n which
the silicon water 1 to be formed as a semiconductor device 1s
carried, 1s decompressed, the plastic film 4 1s deformed by an
air pressure difference caused 1n a machining failure section
and the deformed plastic film 4 (a plug matenal ) 1s detected as
a defect. Consequently, a machining failure defect in the tube
1s detected.

After the defect inspection for the U-tube 6 1s completed,
the plastic film 4 1s peeled from the silicon water 1. When 1t 1s
determined by the defect inspection that there 1s a defectin the
U-tube 6, the embedding material 9 1s etched by wet etching
or the like again in the silicon water 1 determined as having
the defect. Thereatter, the plastic film 4 1s formed in one
opening of the U-tube 6 and drawn a vacuum 1n the vacuum
chamber 5 again. The defect inspection for the U-tube 6 1s
performed based on whether the plastic film 4 1s deformed.
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The wet etching of the embedding material 9, the formation
of the plastic film 4, the vacuum processing, the observation
for determining deformation of the plastic film 4, and the like
are repeatedly performed in the silicon water 1 until 1t 1s
determined that there 1s no defect 1in the U-tube 6.

When 1t 1s determined by the defect inspection that there 1s
no defect i the U-tube 6, the next processing 1s applied to the
silicon water 1. Consequently, a semiconductor device or the
like including the silicon water 1 determined as not having the
dregs 3 1s manufactured.

FIG. 5 1s a diagram of the schematic configuration of a
nonvolatile semiconductor memory device. In FIG. 5, a per-
spective view of a nonvolatile semiconductor memory device
100 1s shown with a row direction represented as row direc-
tion X, a column direction represented as column direction Y,
and a laminating direction represented as a laminating direc-
tion Z.

As shown 1n FIG. 5, the nonvolatile semiconductor
memory device 100 includes a memory transistor region 12,
a word-line driving circuit 13, a source-side-selection-gate-
line (SGS, ) driving circuit 14, a drain-side-selection-gate-
line (SGD_ ) driving circuit 15, a sense amplifier 16, a source-
line driving circuit 17, and a back-gate-transistor driving
circuit 18.

The memory transistor region 12 has a memory transistor
that stores data. The word-line driving circuit 13 controls
voltage applied to word lines WL . The source-side-selec-
tion-gate-line (SGS, ) driving circuit 14 controls voltage
applied to source-side-selection gate lines SGS . The drain-
side-selection-gate-line (SGD_ ) driving circuit 15 controls
voltage applied to drain-side-selection gate lines SGD, . The
sense amplifier 16 amplifies potential read out from the
memory transistor. The source-line driving circuit 17 controls
voltage applied to source lines SL . The back-gate-transistor
driving circuit 18 controls voltage applied to a back gate line
BG. Besides the circuits explained above, the nonvolatile
semiconductor memory device 100 includes a bit-line driving,
circuit (not shown 1n the figure) that controls voltage applied
to bit lines BL .

FIG. 6 1s a schematic perspective view of a part of the
memory transistor region of the nonvolatile semiconductor
memory device. In FIG. 6, a perspective view of the memory
transistor region 12 1s shown with a row direction represented
as row direction X, a column direction represented as column
direction Y, and a laminating direction represented as lami-
nating direction Z. In this embodiment, the memory transistor
region 12 includes mxn (m and n are natural numbers)
memory strings MS including memory transistors (M1rl
to MTr8 ), source-side selection transistors SSTr, . and
drain-side-selection transistors SDTr, . In FIG. 6, as an
example, m 1s 6 and n 1s 2.

FI1G. 7 1s apartial enlarged sectional view of FI1G. 6. In FIG.
7, the sectional configuration of the memory transistor region
12 viewed from the row direction X 1s shown. In the nonvola-
tile semiconductor memory device 100, a plurality of
memory strings MS are provided in the memory transistor
region 12. Each of the memory strings MS has a configuration
in which a plurality of electrically rewritable memory tran-
sistors MTr,  are connected 1n series. As shown in FIGS. 5
and 6, the memory transistors M1r,__ included in the memory
string MS are formed by laminating a plurality of semicon-
ductor layers.

The memory string MS includes U-shaped semiconductors
SC . word lines WL (WL, _1 to WL _8), source-side-se-
lection gate lines SGS_, and drain-side-selection gate lines
SGD, . The memory string MS also includes a back gate line
BG.
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The U-shaped semiconductors SC__ are formed 1n a U
shape viewed from the row direction X. Each of the U-shaped
semiconductors SC_ 1includes a pair of columnar sections
CL__ extending in a substantially vertical direction with
respect to a semiconductor substrate Ba and a connecting
section JP, ~formed to connect lower ends of the pair of
columnar sections CL_ . As shown 1n FIG. 7, the U-shaped
semiconductor SC__ 1includes a hollow H1 that communi-
cates from the upper end ot one columnar section CL._ to the
upper end of the other columnar section CL, = via the con-
necting section JP, . An insulating section I 1s formed in the
hollow H1. The columnar sections CL., = can be formed 1n a
cylindrical shape or can be formed in a prism shape. The
columnar section CL.__ can be formed 1n a columnar shape
having a step shape. The row direction X 1s a direction
orthogonal to the laminating direction A. The column direc-
tion Y explained later 1s a direction orthogonal to the vertical
direction and the row direction X.

The U-shaped semiconductor SC_  1s arranged such that a
straight line connecting center axes of the pair of columnar
sections CL._ 1s parallel to the column direction Y. The
U-shaped semiconductors SC__ are arranged i a matrix
shape 1n a plane formed by the row direction X and the
column direction Y.

The word lines WL __ 1n respective layers have a shape
extending 1n parallel to the row direction X. The word lines
WL 1n the respective layers are repeatedly formed 1n a line
shape to be msulated and separated from one another a first
space apart in the column direction Y.

The gates of the memory transistors (MTrl = to MTr8 )
provided 1n the same position 1n the column direction Y and
lining up 1n the row direction X are connected to the same
word line WL . 'The word lines WL are arranged substan-
tially perpendicularly to the memory strings MS. Ends in the
row direction X and ends in the column direction Y of the
word lines WL are formed 1n a step shape. The ends in the
column directionY of the word lines WL are not limited to
the step shape. For example, the ends 1n the column direction
Y of the word lines WL can be formed to be aligned 1n a
predetermined position 1n the column direction Y.

As shown 1n FIG. 7, an oxide-nitride-oxide (ONO) layer
NL 1s formed between the word line WL and the columnar
section CL., . The ONO layer NL includes a tunnel insulating
layer T1 set 1n contact with the columnar section CL,_ ., a
charge accumulating layer EC set 1n contact with the tunnel
isulating layer TI, and a block insulating layer BI set 1n
contact with the charge accumulating layer EC. The charge
accumulating layer EC has a function of accumulating
charges.

In other words, the charge accumulating layer EC 1s
formed to surround the side of the columnar section CL, , .
The word lines WL are formed to surround the side of the
columnar section CL,  and the charge accumulating layer
EC. The word lines WL are divided for each of the colum-
nar sections CL,__ adjacent to one another in the column
direction Y.

The drain-side-selection gate line SGD, 1s provided above
the word line WL at the top. The drain-side-selection gate
line SGD,  has a shape extending in parallel to the row direc-
tion X. The drain-side-selection gate lines SGD_ are repeat-
edly formed 1n a line shape to be insulated and separated from
one another a first space D1 or a second space D2 (D2>D1)
apart in the column direction Y. The drain-side-selection gate
lines SGD_ are formed at the second space D2 across the
source-side-selection gate line SGS, explained later. The
columnar section CL,  1s formed piercing through the center

in the column direction’Y of the drain-side-selection gate line
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SGD . As shown 1n FIG. 7, a gate insulating film DGI 1s
formed between the drain-side-selection gate line SGD_ and
the columnar section CL.,_, .

The source-side-selection gate line SGS, 1s provided
above the word line WL at the top. The source-side-selec-
tion gate line SGS, has a shape extending in parallel to the
row direction X. The sour-side-selection gate lines SGS  are
repeatedly formed in a line shape to be msulated and sepa-
rated from one another the first space D1 or the second space
D2 apart 1n the column direction’Y. The source-side-selection
gate lines SGS,are formed at the second space D2 across the
drain-side-selection gate line SGD, . The columnar section
CL_ _ 1s formed piercing through the center in the column
direction Y of the source-side-selection gate line SGS . As
shown m FIG. 7, a gate insulating layer SGI 1s formed
between the source-side-selection gate line SGS —and the
columnar section CL._ .

In other words, the two drain-side-selection gate lines
SGD, and the two source-side-selection gate lines SGS_ are
alternately formed the first space D1 apart from each other 1n
the column direction Y. The drain-side-selection gate lines
SGD, and the source-side-selection gate lines SGS,_— are
formed to surround the columnar section CL._ and the gate
isulating layers SGI and DGI. The drain-side-selection gate
lines SGD, and the source-side-selection gate lines SGS_ are
divided for each of the columnar sections CL.,_ adjacent to
one another 1n the column direction Y.

The back gate line BG 1s formed to two-dimensionally
spread 1n the row direction X and the column direction Y to
cover a lower part of a plurality of connecting sections JP_ .
As shown 1n FI1G. 7, the ONO layer NL 1s formed between the
back gate line BG and the connecting section JP_ . The
source line SL 1s formed at the upper ends of the U-shaped
semiconductors SC_ and the columnar sections CL, , adja-
cent to each other 1n the column direction Y.

The bit lines BL, are formed via the plug lines PL.__ at the
upper ends of the columnar sections CL.,  extending to above
the drain-side-selection gate lines SGD_ . The bit lines BL,
are formed to be located above the source line SL . The bat
lines BL, are repeatedly formed 1n a line shape extending in
the column direction Y a predetermined space apart in the row
direction X. In this embodiment, when the nonvolatile semi-
conductor memory device 100 1s manufactured, a conduction
inspection for the hollow H1 and the like as the U-tube form-
ing the U-tube insulating section 1 forming the U-shaped
semiconductor SC_  1s performed.

A method of manufacturing the nonvolatile semiconductor
memory device 100 having the U-tubes 1s explained with
reference to FIGS. 8A and 8B to FIGS. 15A and 135B. In the
following explanation, a method of manufacturing the
memory transistor region 12 1s explained. Explanation of a
method of manufacturing the terminal end and the peripheral
region of the memory transistor region 12 1s omitted.

FIGS. 8A and 8B to FIGS. 15A and 15B are schematic
sectional views of an example of a manufacturing procedure
for the nonvolatile semiconductor memory device having the
U-tubes. In FIGS. 8A and 8B to FIGS. 15A and 15B, sectional
views of the memory transistor region 12 are shown. In FIGS.
8A and 8B to FIGS. 15A and 15B, FIGS. 8A,9A, 10A, 11A,
12A,13A, 14A, and 15A are sectional views viewed from the
row direction X and FIGS. 8B,9B,10B, 11B, 12B, 13B, 14B,
and 15B are sectional views viewed from the column direc-
tion Y.

First, as shown 1in FIGS. 8A and 8B, the semiconductor
substrate Ba 1s prepared. After silicon oxide (510, ) and poly-
s1licon (p-S1) are deposited on the semiconductor substrate
Ba, a back-gate 1nsulating layer 21 and a back-gate conduc-
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tive layer 22 are formed 1n the memory transistor region 12 by
using the lithography, the RIE, or the 1on implantation. Sub-
sequently, the back-gate conductive layer 22 1s drilled to form
back gate holes 24. The back gate holes 24 are formed to have
1sland-shaped openings latitudinal 1n the row direction X and
longitudinal 1in the column direction Y. The back gate holes 24
are formed at predetermined intervals in the row direction X
and the column direction Y.

Silicon nitride (S1N) 1s deposited to fill the mnside of the
back gate holes 24. The silicon nitride (S1N) in an upper part
of the back-gate conductive layer 22 1s removed by the chemi-
cal mechanical polishing (CMP) or the RIE to form first
sacrificial layers 91 1n the back gate holes 24. As shown 1n
FIGS. 8 A and 8B, the back gate holes 24 are formed to depth
where the back gate holes 24 do not pierce through the back-
gate conductive layer 22. However, the back gate holes 24 can
be formed to pierce through the back-gate conductive layer
22.

As shown 1 FIGS. 9A and 9B, silicon oxide (S10,) and
polysilicon (p-S1) are alternately laminated on the back-gate
conductive layer 22 and the sacrificial layers 91 to form {first
to fourth tabular inter-word-line insulating layers 314' to 314",
first to fourth tabular polysilicon conductive layers 324' to
324, and a first tabular separation msulating layer 33a'. The
first to fourth tabular inter-word-line insulating layers 31a' to
314, the first to fourth tabular polysilicon conductive layers
324' to 324", and the first tabular separation insulating layer
334' are formed to two-dimensionally spread in directions
(the row direction X and the column direction Y) orthogonal
to the laminating direction Z.

First memory holes 354a are formed to pierce through the
first to fourth tabular inter-word-line insulating layers 31a' to
314, the first to fourth tabular polysilicon conductive layers
324' to 324", and the first tabular separation 1nsulating layer
334'. The first memory holes 354 are formed 1n positions
aligned near both ends in the column directionY of the back
gate holes 24. In the first memory holes 35q, silicon nitride
(S1N) 1s deposited to form second sacrificial layers 92a.

Silicon oxide (S10,) and polysilicon (p-S1) are alternately
laminated on the first tabular separation insulating layer 334
to form fifth to eighth tabular inter-word-line insulating layers
31 to 31/, fifth to eighth tabular polysilicon conductive
layers 32¢' to 32/2', and a second tabular separation insulating
layer 335'. The fifth to eighth tabular inter-word-line insulat-
ing layers 31¢' to 31/, the fifth to eighth tabular polysilicon
conductive layers 32¢' to 32/, and the second tabular sepa-
ration insulating layer 335" are formed to two-dimensionally
spread 1n the directions (the row direction X and the column
direction Y) orthogonal to the laminating direction Z.

Second memory holes 3556 are formed to pierce through the
second tabular separation insulating layer 335', the fifth to
cighth tabular inter-word-line 1msulating layers 31¢' to 317,
the fifth to eighth tabular polysilicon layers 32¢' to 32/', and
the first tabular separation insulating layer 33a' and drill a
fourth tabular word-line polysilicon layer 324'. The second
memory hole 355 1s formed 1n a position aligned with the first
memory hole 35a. In the second memory hole 355, silicon
nitride (SiN) 1s deposited to form third sacrificial layers 925b.

As shown 1n FIGS. 10A and 10B, the first sacrificial layers
91, the second sacrificial layers 92a, and the third sacrificial
layers 925 are removed. For example, the removal of the first
sacrificial layers 91, the second sacrificial layers 924, and the
third sacrificial layers 925 are performed 1n a hot phosphoric
acid solution. Through such a process shown 1n FIGS. 10A
and 10B, the first memory holes 354, the second memory
holes 355, and the back gate holes 24 are formed again. The
first memory holes 334, the second memory holes 3356, and
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the back gate holes 24 communicate with one another and are
formed 1n a U shape viewed from the row direction X. The
first memory holes 354, the second memory holes 3556, and
the back gate holes 24 correspond to the U-tubes 6 shown in
FIG. 1 and the like. For example, after the first memory holes
35a, the second memory holes 355, and the back gate holes 24
are formed, the plastic film 4 1s formed on the second tabular
separation insulating layer 335' to perform a conduction
inspection for the U-tubes 6.

An exposed surface of the back gate conductive layer 22
and exposed surfaces of the first to eighth tabular polysilicon
layers 32a to 32/ are cleaned by diluted fluoric acid treatment
to remove natural oxide films. After the natural oxide films in
the U-tubes 6 are removed by the diluted fluoric acid treat-
ment, the plastic film 4 can be formed on the second tabular
separation insulating layer 3356' to perform the conduction
ispection for the U-tubes 6.

As shown 1 FIGS. 11A and 11B, a memory-gate isulat-
ing layer 62 1s formed to cover sidewalls facing the back gate
holes 24, the first memory holes 35a, and the second memory
holes 356 and the second tabular separation msulating layer
335'. Specifically, silicon oxide (5102), silicon nitride (S1N),
and silicon oxide (S102) are deposited to form the memory
gate msulating layer 62. After the memory gate msulating
layer 62 1s formed, the plastic film 4 can be formed on the
upper surface of the memory gate insulating layer 62 to per-
form the conduction inspection for the U-tubes 6.

As shown1n FIGS. 12A and 12B, amorphous silicon (a-S1)
1s deposited on the memory-gate insulating layer 62 to form
an amorphous silicon layer 93. The amorphous silicon layer
93 1s formed to have hollows 93a. In other words, the amor-
phous silicon layer 93 1s formed not to completely fill the
inside of the back gate holes 24, the first memory holes 354,
and the second memory holes 355. After the amorphous sili-
con layer 93 1s formed, the plastic film 4 can be formed on the
upper surface of the amorphous silicon layer 93 to perform
the conduction mspection for the U-tubes 6.

Sidewalls of the amorphous silicon layer 93 facing the
hollows 93a are thermally oxidized to form silicon oxide
(S510,). The remaining amorphous silicon layer 93 1s crystal-
lized to form polysilicon (p-S1). As shown 1n FIGS. 13A and
13B, a U-shaped semiconductor layer 63 1s formed. On the
silicon oxide (S10,) formed in the hollows 93a of the
U-shaped semiconductor layer 63, silicon oxide (S10,) 1s
turther deposited by the chemical vapor deposition (CVD) to
form an imner insulating layer 64 to fill the nside of the
hollows 93a. The memory-gate msulating layer 62, the
U-shaped semiconductor layer 63, and the internal insulating
layer 64 deposited on the second tabular separation insulating
layer 335" are removed by the CMP treatment.

Thereafter, as shown in FIGS. 14A and 14B, silicon nitride
(S1N) 1s deposited to cover the second tabular separation
isulating layer 335' to form a memory-protection imsulating
layer 34. Memory separation grooves 94 are repeatedly
formed 1n a line shape to extend in the row direction X a
predetermined space apart 1n the column direction Y. The
memory separation grooves 94 are formed to be located
among the first memory holes 354 and the second memory
holes 355 1n the column direction Y. The memory separation
grooves 94 are formed to pierce through the memory-protec-
tion 1nsulating layer 34, the first to eighth tabular inter-word-
line 1nsulating layers 31a' to 31/, the first to eighth tabular
polysilicon layers 324' to 32/', and the first and second sepa-
ration mnsulating layers 334" and 335’

According to the process for forming the memory separa-
tion grooves 94, the first to eighth tabular inter-word-line
insulating layers 31a' to 31/%' change to first to eighth inter-
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word-line mnsulating layers 31a to 31/ having a shape extend-
ing in parallel to the row direction X and repeatedly formed 1n
a line shape a first space apart in the column direction Y. The
first to eighth tabular polysilicon layers 32a' to 32/' change to
first to e1ghth word-line conductive layers 32a to 32/ having
a shape extending in parallel to the row direction X and
repeatedly formed 1n a line shape the first space apart 1n the
column direction. The first and second tabular separation
insulating layers 33q' and 33%' change to first and second
separation 1nsulating layers 33a and 335 having a shape
extending in parallel to the row direction X and repeatedly
formed 1n a line shape the first space apart 1n the column
direction Y.

A cobalt (Co) film 1s deposited on the sides of the memory
separation grooves 94 by the CVD. Thereatter, when rapid
thermal annealing (RTA) treatment 1s further applied to the
cobalt film, the cobalt film reacts with polysilicon (p-Si)
forming the first to eighth word-line conductive layers 32a to
32/ 1n a self-aligning manner to form a silicide film 36 on the
surtaces of the first to eighth word-line conductive layers 32a
to 32/4. The cobalt film not reacting with polysilicon 1s
removed 1n a sulfuric acid/hydrogen peroxide water mixture.
The memory separation grooves 94 are filled with silicon
nitride (Si1N). The memory-protection insulating layer 34 1s
formed to extend to the inside of the memory separation
grooves 94.

A layer between the semiconductor substrate Ba and the
first tabular inter-word-line insulating layer 314a' 1s a back gate
transistor layer 20 explained later. A layer from the first tabu-
lar inter-word-line msulating layer 314' to the memory-pro-
tection 1nsulating layer 34 1s a memory transistor layer 30
explained later.

Thereafter, as shown 1n FIGS. 15A and 15B, a selection
transistor layer 40 and a wiring layer 50 are formed on the
upper layer side of the memory transistor layer 30. Conse-
quently, the memory transistor region 12 (the memory string
MS) has the back gate transistor layer 20, the memory tran-
sistor layer 30, the selection transistor layer 40, and the wiring
layer 50 1n order in the laminating direction Z from the semi-
conductor substrate Ba.

The back gate transistor layer 20 functions as a back gate
transistor BGTr_  explained above. The memory transistor
layer 30 functions as the memory transistor MTr, explained
above. The memory transistor layer 30 functions as the
source-side selection transistor layer SSTr, - and the drain-
side selection transistor SDIr, .

The selection transistor layer 40 has drain-side conductive
layers 41, source-side conductive layers 42, interlayer 1nsu-
lating layers 43, and a selection-transistor insulating layer 44
deposited on the memory-protection mnsulating layer 34. The
selection transistor layer 40 has drain side holes 454 formed
to pierce through the selection-transistor insulating layer 44
and the drain-side conductive layers 41. The selection tran-
sistor layer 40 has source side holes 455 formed to pierce
through the selection-transistor insulating layer 44 and the
source-side conducive layer 42. A source-line wiring groove
45 1s formed on the source side holes 455 adjacent to each
other 1n the column direction’Y to drll the selection-transistor
insulating layer 44.

In the configuration explained above, drain-side gate 1nsu-
lating layers 61a are formed on sidewalls facing the drain side
holes 45a. Source-side gate insulating layers 615 are formed
on sidewalls facing the source side holes 43b. A source-line
conductive layer 63 1s formed to fill the 1nside of the source-
line wiring grooves 45¢ from first height of the source-side
holes 45b. The source-line conductive layer 65 1s formed in a
tabular shape parallel to the semiconductor substrate Ba.
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The wiring layer 50 has a first wiring 1nsulating layer 51, a
second wiring 1sulating layer 52, a third wiring insulating
layer 53, and a fourth wiring insulating layer 54 laminated 1n
order on the selection-transistor insulating layer 44. The wir-
ing layer 50 has bit-line wiring grooves 56a formed to drill the
first wiring insulating layer 31 and bit-line plug holes 56
formed to pierce through the first wiring isulating layer 51
from below the bit-line wiring groove 56a.

Bit-line conductive layers 35 are formed in the bit-line
wiring grooves 36a. Bit-line plug layers 37 are formed from
the upper surfaces of U-shaped semiconductor layers 63 in

the drain-side holes 454 to openings of the bit-line plug holes
56.

In this embodiment, the silicon wafer 1 covered with the
plastic film 4 1s exposed under the vacuum environment.
However, the silicon water 1 covered with the plastic film 4
can be exposed under a pressurized environment. In this case,
as 1n this embodiment, the plastic film 4 1s deformed by a
difference between the pressure 1n the 1nside of the U-tubes 6
and the pressure on the outside of the U-tubes 6 as long as the
dregs 3 adhere to the hole bottom of the U-tube 6.

In the explanation of this embodiment, the plastic film 4 1s
swelled by the pressure difference in the defect mspection.
However, the opening film that covers the openings can be
destroyed by the pressure difference. When the opening film
keeps the deformed state only under a negative pressure envi-
ronment (e.g., 1n a vacuum) and a pressurized environment
(pressure equal to or higher than the atmospheric pressure)
and returns to the original shape under the atmospheric pres-
sure environment, 1t can be inspected under the negative
pressure environment or the pressurized environment
whether the opening film 1s deformed.

In the explanation of this embodiment, the plastic {ilm 4 1s
formed under the atmospheric pressure environment and
exposed under the negative pressure environment to be
deformed. However, the plastic film 4 can be formed under
the negative pressure environment and the pressurized envi-
ronment. When the plastic film 4 1s formed under the negative
pressure environment, the plastic film 4 can be deformed by
being exposed under the pressurized environment or in the
atmospheric pressure. When the plastic {ilm 4 1s formed under
the pressurized environment, the plastic film 4 can be
deformed by being exposed under the negative pressure envi-
ronment or in the atmospheric pressure. It 1s possible to
deform the plastic film 4 by exposing, as explained above, the
silicon waler 1 covered with the plastic film 4 under the
pressurized environment (a second air pressure state) difier-
ent from the pressurized environment (a {irst air pressure
state) under which the plastic film 4 1s formed.

A thermoplastic film can be used as the opening film, In
this case, the silicon wafer 1 1s exposed under the negative
pressure environment in a state 1n which heat 1s applied to the
opening film. Consequently, the opening film 1s deformed 1f
the dregs 3 adhere to the hole bottom of the U-tube 6.

A thermosetting film can be used as the opening film. In
this case, heat 1s applied to the opening {ilm 1n a state in which
the silicon water 1 1s exposed under the negative pressure
environment. Consequently, the plastic film 4 hardens 1n a
deformed state if the dregs 3 adhere to the hole bottom of the
U-tube 6.

As explained above, according to this embodiment, the
plastic {ilm 4 on the U-tube 6 in which the dregs 3 are left at
the hole bottom thereot 1s deformed by exposing the silicon
waler 1 covered with the plastic film 4 in the vacuum state.
Therefore, a conduction state of the U-tube 6 (the tubular
contact hole) can be easily inspected.
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In the defect inspecting apparatus 1n the past that detects
secondary electrons, an inspection target has to be conductive
to the earth. However, 1n this embodiment, deformation of the
plastic film 4 (the plug material) 1s detected. This makes it
possible to inspect the entire surface of the silicon wafer 1
irrespectively of presence or absence of earth conduction of
an mspection target.

In the optical defect inspection for detecting pattern abnor-
mality, only observation of actual holes can be performed
from the surface. However, in this embodiment 1t 1s possible
to indirectly detect defects 1n contact holes in which actual
holes cannot be observed from the surface. This makes 1t
possible to 1nspect the entire surface of the silicon wafer 1
even when contact holes have a large aspect ratio.

The plastic film 4 1s formed 1n the opening of the U-tube 6.
This makes i1t possible to easily determine presence or
absence of deformation of the plastic film 4. Further, the
plastlc {1lm 4 1s formed on the wiring layer 10 not to enter the
opening hole ol the U-tube 6. This makes 1t possible to deform
the plastic film 4 with a small air pressure difference and
makes 1t easy to remove the plastic film 4 after a defect
ispection.

Additional advantages and modifications will readily
occur to those skilled in the art. Theretfore, the invention 1n its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general iventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A defect imnspecting method comprising:

forming, 1n a first air pressure state, a film, which covers

one opening of two openings provided on an upper sur-
face of a substrate, on a tubular contact hole formed on
the substrate in manufacturing a semiconductor device
and formed 1n a tubular shape by connecting two cylin-
drical contact holes on bottom surface sides thereof,
both ends of the tubular shape being opened 1n the open-
1ngs;

deforming the film on the tubular contact hole, a part of the

tubular shape of which 1s blocked in the tubular contact
hole, by exposing the substrate covered with the film 1n
a second air pressure state different from the first air
pressure state; and

observing whether the film 1s deformed to thereby 1nspect

whether the part of the tubular shape of the tubular
contact hole 1s blocked.

2. The defect inspecting method according to claim 1,
wherein the film has plasticity.

3. The defect inspecting method according to claim 1,
wherein
the film has thermoplasticity, and
the substrate covered with the film 1s exposed 1n the second

air pressure state in a state 1n which heat 1s applied to the

substrate.

4. The defect inspecting method according to claim 1,
wherein

the film has thermosetting and

heat 1s applied to the film in a state 1n which the substrate

covered with the film 1s exposed 1n the second air pres-
sure state.
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5. The defect mspecting method according to claim 1,
wherein the film 1s formed to cover an upper surface side of
the openings without being embedded 1n the tubular shape of
the tubular contact hole.

6. The defect mspecting method according to claim 1,
wherein the film 1s formed by bonding of a film, application of
a film to be formed, application of a film 1n a predetermined
position by a dispensing device, or screen printing of a film 1n
the predetermined position by a screen printing device.

7. The defect mspecting method according to claim 1,
wherein

the film or the film to be formed has photosensitivity, and

the film that covers the one opening 1s patterned by expos-

ing only a predetermined section of the film or the film to
be formed to light.

8. The defect mspecting method according to claim 1,
wherein

the film to be formed 1s a resist, and

the film that covers the one opening of the openings is

patterned by exposing a part of the resist to light.

9. The defect mspecting method according to claim 1,
wherein the film 1s expanded or destroyed by being exposed
in the second air pressure state.

10. The defect mspecting method according to claim 1,
wherein the mspection concerning whether a part of the tubu-
lar shape of the tubular contact hole 1s blocked 1s performed
by observing the film 1n the second air pressure state.

11. The defect mnspecting method according to claim 1,
wherein a plurality of the one openings of the openings are
collectively covered with the film.

12. The defect mspecting method according to claim 1,
wherein the openings are arranged in a matrix shape at pre-
determined intervals 1n a vertical direction and a horizontal
direction when the substrate 1s viewed from an upper surface
side.

13. The defect mspecting method according to claim 1,
wherein the {irst air pressure state 1s an atmospheric pressure
and the second air pressure state 1s a state under a negative
pressure environment.

14. The defect mnspecting method according to claim 1,
wherein the first air pressure state 1s an atmospheric pressure
and the second air pressure state 1s a state under a pressurized
environment.

15. The defect mnspecting method according to claim 1,
wherein the {irst air pressure state 1s a state under a negative
pressure environment and the second air pressure state 1s a
state under a pressurized environment.

16. The defect mspecting method according to claim 1,
wherein the {irst air pressure state 1s a state under a negative
pressure environment and the second air pressure state 1s an
atmospheric pressure.

17. The defect mspecting method according to claim 1,
wherein the first air pressure state 1s a state under a pressur-
1zed environment and the second air pressure state 1s an atmo-
spheric pressure.

18. The defect mnspecting method according to claim 1,
wherein the first air pressure state 1s a state under a pressur-
1zed environment and the second air pressure state 1s a state
under a negative pressure environment.
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